The population of people with immunodeficiency is increasing due to the accelerating pace of life, increase in work pressure, and lack of exercise, irregularity of diet and rest, and problems of environmental pollution. Chinese herbal medicines have been shown to improve immunity, with little to no side effects. In recent years, studies have shown that Shcisandrol A (Sch A) regulates immune functioning and inhibits inflammation of the nervous system. The current study used gene expression profiling of spleen tissue to screen differentially expressed genes related to Sch A treatment on cyclophosphamide (Cy)-induced immunosuppressed mice. The differentially expressed gene-related pathways were analyzed by gene ontology function cluster analysis and qPCR. Five genes related to immune functioning were found to be regulated by Sch A treatment: Mapk3, Pik3r1, Pik3r5, Ikbkg, and Cd247. qPCR analysis showed that all five genes were significantly down-regulated in mice treated with Sch A compared to untreated immunosuppressed mice. These results suggest potential mechanisms through which Sch A regulates immune functioning.
Immunity is defense mechanisms that help to identify and remove invasive alien bodies (viruses, bacteria, etc.), repair aging, injured, dying and degenerated cells, and identify and eliminate in vivo mutant cells and virus-infected cells. The population of people with immunodeficiency is increasing due to the accelerated pace of life, increase in work pressure, lack of exercise, irregularity of diet and rest, and problems of environmental pollution. Immunodeficiency not only weakens the ability to resist diseases, but also increases the risk of malignant tumors [1] [2] [3] . There are many immunomodulatory drugs on the market but most of these drugs have side effects or are toxic [4, 5] . Some Chinese herbal medicines have been found to increase immunity with mild side effects and low toxicity [6, 7] . Schisandra is a traditional Chinese medicinal ingredient derived from the dried ripe fruit of Schisandra chinensis (Turcz.) Baill [8] . Schizandrol A (Sch A, Figure 1 ), a lignan with high potency, is a main component of Schisandra. In recent years, studies have shown that Sch A can regulate immune function and inhibit inflammation of the nervous system [9] [10] [11] . The immune system is a complex regulatory network that involves many genes. With the increasing ease of genomic study, and the popularization and application of the gene chip, the ability to screen for differentially expressed genes has become a reality. In the current study, an mRNA expression profile chip was used to screen for differentially expressed genes related to Sch A treatment on cyclophosphamide (Cy)-induced immuosuppressed mice. The differentially expressed gene-related pathways were analyzed by gene ontology function cluster analysis, and finally qPCR was applied to verify the identified genes related to the regulation of Sch A on immune functioning. Table 1 displays body weight, and organ weight and indices. There was no significant difference in body mass among groups (p>0.05). The spleen mass, spleen index, thymus mass and thymus index of mice in all Cy-treated groups were lower than those in the control group (p<0.05) indicating an inhibitory effect of Cy on the thymus and spleen. There was a dose-dependent increase in spleen mass, spleen index, thymus mass and thymus index of mice treated with Sch A compared to the untreated Cy group (p<0.05), suggesting that Sch A has a protective and restorative effect on immune organs. The last column in Table 2 shows that that the optical density of hemolytic plaques of mice in the untreated Cy group was significantly lower than that in the control group (p<0.05), indicating that Cy inhibits lymphocyte proliferation in mice. Highdose Sch significantly increased hemolytic plaque optical density compared to the untreated Cy group (p<0.05), suggesting that HSch A promotes the formation of spleen B lymphocyte hemolytic plaques. Figure 2 ). These results indicate that Sch A has an effect on a variety of genes in mice with immunosuppression and that the number of upregulated and downregulated genes is similar. Using the DAVID database, a GO cluster analysis of 1,619 differentially expressed genes was performed. The results found 35 related pathways, with 6 pathways directly related to immune functioning (Table 3) . Five genes were found in two or more of the six pathways and included Mapk3, Pik3r1, Pik3r5, Ikbkg, and Cd247 (Table 4 ). The T cell receptor signaling pathway contained all five of the common genes; while the Toll-like receptor signaling pathway and the Natural killer cell mediated cytotoxicity pathway contained four of the five common genes ( Table 4) .
The five common genes (Mapk3, Pik3r1, Pik3r5, Ikbkg and Cd247) were selected for real-time quantitative PCR analysis. Three of the five genes investigated were significantly lower (Pik3rl, MAPK3 and Ikbkg), and two were significantly higher (Pik3r5 and CD247) in the Sch A treated group compared to the untreated (Table 5 and Figure 3 ). The expression of the other genes was also significant, and the experimental results were consistent with those of the gene chip analysis.
Cy is a commonly used chemotherapeutic drug that has been shown to damage immune system organs, and inhibit cellular and humoral immune responses, resulting in immunodepression [12] . The spleen not only plays a critical role in immune functioning and therefore, changes in gene expression level in the spleen can reflect changes in immune functioning. In the current study, mice were treated with Cy to induce immunodeficiency and subsequently treated with Sch A. Thymus and spleen indices were used to evaluate the modulatory effects of Sch A on immune functioning.
Immune responses are categorized into cellular, humoral and nonspecific. Optical density values obtained by MTT can be used as an index of lymphocyte proliferation [13] . In the current study, optical density values of spleen lymphocytes in the M-and H-Sch A groups were significantly greater than those in the non-treated immunodeficient group. T lymphocytes have a variety of biological functions including inhibiting or assisting B cells to produce antibodies, and controlling the specific antigen response and the production of cytokines. Therefore, T-cells can be used as an index of cellular immunity. These results therefore, indicate that Sch A significantly promotes the proliferation of T lymphocytes in the spleen to improve cellular immunity functioning.
The results of the current experiment showed that the optical density value of hemolytic plaques in the H-Sch A treated group was significantly greater than that in the untreated immunodeficient group. The number of hemolytic plaques formed after a suspension of sheep erythrocytes are mixed at a high concentration with a mouse spleen cell suspension, reflects humoral immune functioning [14] and as such our results indicate that Sch A significantly enhances humoral immunity.
The mononuclear phagocytic system, responsible for the removal of foreign bodies from lymph nodes, contains mostly macrophages and reflects non-specific immune functioning. Phagocytic cells are stimulated by antigens to significantly enhance functioning [15] . In the current study, mice were injected intravenously through the tail vein with India ink and blood samples were taken immediately and at two and 10 minutes post injection. Optical density was measured with an automatic microplate recorder to estimate phagocytosis and thus indirectly evaluate nonspecific immunity functioning. The phagocytic index in the M-and H-Sch A groups was significantly greater than that in the untreated Cy group, indicating that Sch A can significantly improve the phagocytic functioning of macrophages and enhance nonspecific immunity.
Five differentially expressed genes involved in immune functioning were identified in the spleen of mice treated with the H-Sch A. GO function clustering and pathway statistical analysis identified one gene related to the MAPK pathway (mapk3) and two genes involved in the PI3K pathway (pik3r1, pik3r5).
The current study found that the inhibition of mapk3 expression is one mechanism by which Sch A regulates immune functioning in mice. The MAPK signal transduction pathway is involved in the inflammatory reaction and plays a critical role in the regulation of the physiological processes of growth, differentiation, proliferation and cells survival [16] . mapk3 is highly conserved, and involved in many processes of cell inflammation.
Quantitative mRNA analysis in the present study found that pik3r1 was significantly increased in the spleen of immunosuppressed mice treated with Sch A compared to untreated mice. The PI3K/AKTA/mTOR pathway plays a critical role in cell growth, survival, proliferation, apoptosis, and angiogenesis [17] . Pik3r1 and pik3r5 are members of the PI3K family [18] . The pik3r1 (phosphoinositide-3-kinase, regulatory subunit 1, p85alpha) gene is specifically responsible for encoding the 85 kD regulatory subunitp85α of phosphatidylinositol 3-kinase (PI3K). p85α is the most frequently expressed regulatory subunit in the PI3K family and related signal molecules can activate PI3K only after they are combined with the p85 subunit [19] . However, existing research on pik3r5 is lacking and as such, there is no direct evidence for pik3r5 involvement in the immune system [20] . The present study finding that Sch A significantly increases expression of the pik3r5 gene indicates that pik3r5 may be a target for future studies of Sch A regulation of immune functioning.
Recently, the Pl3K/AKT/mT0R signaling pathway has been shown to play an important role in the pathogenesis and development of nervous system diseases [21, 22] . In addition, recent studies have focused on the interaction between the MAPK and PI3K/AKT signaling pathways. Moreover, Yokoi et al. [23] found a correlation between the PI3K/AKT and ERK1/2 signaling pathways, suggesting involvement of the pathways in the regulation of immune function. Further research on the roles of these pathways in the cellular immune system is warranted.
Expression of the cd247 gene was significantly upregulated in the spleen of mice treated with Sch A. The cd247 gene plays an important role in antigen recognition and signal transduction in the process of the immune response [24] . The cd247 gene is 88kb and located on the site of chromosome 1q24.2. cd247 contains eight exons, that are separated by approximately 0.7-8 KB with the exception of the first and second exons [25] . cd247 plays an important role in recognition and signal transduction in the process of the immune response. Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by the generation of autoimmune antibodies and activation of immune complexes, causing inflammation of multiple organs and tissue injury [26, 27] . Previous reports have linked the cd247 gene to SLE susceptibility. In a family genetics study in 1998, Moser et al. [28] found that polymorphism of chromosome region 1q22-24 was associated with SLE indicating involvement of the cd247 gene with the pathogenesis of SLE. Later studies confirmed that incidence of polymorphism of the cd247 gene in SLE patients was higher than that in patients without SLE [29, 30] . 
Experiment of immunological activity
Grouping, model establishment and administration: ICR mice were randomly divided into control, Cy model, low-dose Sch A (L-Sch A), middle-dose Sch A (M-Sch A), and high-dose Sch A (H-Sch A) group. Except those in the control group, mice in the other groups were given 40 mg/kg Cy in intraperitoneal injection for 5 d for the establishment of immunodeficiency mice model. On the next day after the modeling, mice in L-, M-, and H-Sch A groups were intragastrically given 0.2, 0.4, and 1 g/kg/d Sch A respectively, and those in the control group and Cy model group were given an equal volume of distilled water in the same way successively for 4 weeks. Changes in the mice's body weight and general status were regularly observed weekly.
Measurement of organ index:
At 1 hour after the last administration, 12 mice in each group were sacrificed and their body weights were weighed, and their thymuses and spleens were removed and weighed for the calculation of the ratio of organ/body mass.
Organ index/%= organ mass/animal body mass × 100%
Observation on the phagocytosis of macrophages in mice: At 1 hour after the last administration, 12 mice in each group were weighed, and the mice were injected with 50% diluted India ink (0.1 mL/10g) through their tail veins. After the injection of the India ink, the time of the injection was recorded immediately, and 25 μL of the blood were taken from the inner canthus venous plexus at 2 min (A 2 ) and 10 min (A 10 ) after the ink injection, respectively, and added to 2 mL 0.1% Na 2 CO 3 solution immediately. The optical density values at A 2 and A 10 were measured at 600 nm wavelength by a microplate reader, in which Na 2 CO 3 solution was used as the control. The carbon clearance index (K) and the phagocytic index (α) were calculated according to the following equations:
K=(logA 2 -logA 10 ) / (t 10 -t 2 )
Phagocytic index α=body mass / (liver and spleen weight) × K
1/3
Mouse lymphocyte proliferation test: After the last administration, 12 mice in each group were sacrificed to remove their spleens under aseptic conditions. The spleen was ground and placed in 4 mL lymphocyte separation liquid to prepare the splenic lymphocyte suspension. The suspension was centrifuged at 1500 rpm for 10 min and the supernatant was discarded. After the centrifugation was repeated two times, 2.5 mL RPMI-1640 medium was added to the precipitate, 0.1 mL of the solution was placed into a small centrifuge tube and trypan blue was added to it for the staining, and 1 min later, half drop of the stained solution was drawn on a counting plate, the cells were counted under a microscope and the cell suspension concentration was adjusted to 1×10 6 /mL. Each of cell suspension was added into 2 wells of 24-well culture plates, 1 mL each well, in which one well was added with 50 μL Con A and another well was not added with Con A as the control. The plates were placed in a CO 2 incubator in which the cells were cultured for 72 h. At 4 h before the end of the culture, each well was added with 0.7 mL of the culture medium and 20 μL of 5 mg/mL MTT solution at the same time to culture the cells for 4 h. By the end of culture, the supernatant was discarded, each well was added with 1 mL acidic isopropanol, and then mixed evenly to make the purple crystals completely dissolved. The optical density (OD) values were measured at the wavelength of 570 nm by ultraviolet visible light spectrophotometric method (UV2550, Shimadzu, Japan). The difference value of OD values of the samples that were added with Con A and that without adding Con A represented the proliferation ability of splenic lymphocytes.
Experimental study on the formation of hemolytic plaque in mice:
On day 24 after the intragastric administration, 12 mice in each group were immunized by the intraperitoneal injection of 2% sheep erythrocyte suspension (0.2 mL to each mouse) for 5 d. The spleen cell suspension was adjusted to one at a cell concentration of 5×10 6 /mL. 100 µL spleen cell suspension and 100 µL 2×10 9 /mL sheep erythrocyte suspension were added to 0.8 mL agarose (0.7%), mixed evenly, and another blank tube without the complement was set, which were incubated at 37 ˚C for 1h and then centrifuged at 1000 rpm to obtain the supernatant. The supernatant was determined by colorimetry at 413 nm wavelength with an automatic microplate to observe the formation of hemolytic plaques.
RNA extraction and its quality control:
The total spleen RNA was extracted with Trizol reagent (Invitrogen, Gaithersburg, MD, USA) and the mRNA was purified according to the instructions of RNeasy mini kit (Qiagen, Valencia, CA, USA). RNA samples were assessed for RNA integrity, inhibitor and DNA contamination by referring to the kit instructions. The quality of mRNA was detected by agarose gel electrophoresis, and the content was determined by UV spectrophotometer.
Microarray experiment: Three mice from the model group and the H-Sch A group each were selected for the RNA extraction in the Shcisandrol A regulates immune functioning Natural Product Communications Vol. 13 (2) 2018 179 mice spleen tissue and the mRNA expression profile chip experiment.
Sample labeling and hybridization:
The samples were labeled in accordance with the instructions of Quick Amp Labeling Agilent kit and the hybridization experiment was carried out using SureHyb Agilent.
Data acquisition and standardization:
The microarray was scanned with an Agilent DNA Microarray scanned after washed. Agilent Feature Extraction software (v11.0.0.1) was used for the acquisition of chip probe signal values. The standardization of chip was conducted with Agilent GeneSpring GX v12.1 software. Points outside the 95% confidence interval are considered to be differentially expressed genes.
Analysis of differentially expressed genes and their functions:
Agilent GeneSpring GX v12.1 software was used to select the differentially expressed genes.
Analysis on the functional significance of differentially expressed genes: Based on NCBI gene ontology database, the GO annotation of these genes was conducted to obtain all GOs in which the genes were involved. Fisher exact test and χ2 test were used to calculate the significance level and misjudgment rate of each GO, and the P values were calibrated with the misjudgment rate to screen out the significance (p<0.05) of differential genes [33] . The results were artificially analyzed with European Bioinformatics Institute (EBI) database [34] .
Analysis of the function and biological pathway enrichment of differential genes screened by mRNA expression microarray using DAVID: The website was http://david.abcc.ncifcrf.gov/. DAVID database was opened, 1619 genes were presented as the gene set of further analysis. At the same time, the corresponding gene identifier (the gene identifier corresponding to the gene name was OFFICIAL_GENE_SYMBOL) was selected; the whole genome of mice was ticked as the background gene, and then "functional annotation tool" was selected as the analytical tool, through which the results of GO and biological pathway enrichment analysis of differentially expressed genes could be obtained [35] .
Validation by real-time quantitative PCR:
The differentially expressed genes relevant to the regulation of deproteinized calfblood extract on mice immune functions were validated by realtime quantitative PCR. The operation of real-time quantitative PCR was strictly in accordance with the manual of Real-time PCR Master Mix (SYBR Green, TOYOBO Company, Osaka, Japan) [36] , and the instrument used was Roche LightCycler 1.5. The primer design is shown in Table 6 . Data processing: All data were expressed as mean±standard deviation (SD). "n" denotes the sample numbers in each group. SPSS 16.0 software was used for the analysis of data. The single factor analysis of variance and q test of measurement data were conducted with ANOVA program, LSD was used for the pairwise comparison, the graded data were analyzed with Ridit, and p<0.05 was considered to be a significant difference in statistics [37] .
Supplementary data: https://www.ncbi.nlm.nih.gov/geo/query/ acc.cgi?token=yjkzygsodbqdluh&acc=GSE97316
